Rationale Consistent sex differences are observed in human drug addiction, with females often exceeding males on drug intake. However, there is still a need for animal models for some aspects of addiction such as acquisition of drug selfadministration and the subsequent development of drug-seeking. Objectives The present study examined sex differences in the acquisition and maintenance of self-administration of two widely used stimulants, cocaine and nicotine. Methods Male and female rats self-administered cocaine (0.4 mg/kg/infusion) or nicotine (0.03 mg/kg/infusion) daily under a fixed-ratio 1 (FR 1) schedule until acquisition criteria were met (maximum of 30 sessions). The self-administration criterion for cocaine was ≥20 infusions in a 2-h session and ≥5 infusions in a 1-h session for nicotine. Sex differences were assessed by examining the percentage of rats that met acquisition criteria, the number of sessions to meet criteria, and the number of infusions earned during the maintenance phase. Results A significantly higher percentage of male rats acquired both cocaine and nicotine self-administration than females, and males met acquisition criteria in fewer sessions. However, after criteria were met, females self-administered more cocaine than males during the first 5 days of maintenance. There were no sex differences in nicotine infusions post-acquisition. Conclusions Differences in acquisition amongst sexes can reveal factors that are integral to initiation of drug use, an often overlooked phase of drug addiction.
Introduction
In humans, consistent sex differences have been reported in many phases of the drug addiction process, from escalation to withdrawal and relapse . Overall, men use more drugs and are 2-3 times more likely to have a drug dependence problem than women; whereas, women show earlier initiation of use and greater escalation of drug taking (Becker et al. 2012) . This is especially true for stimulants like cocaine and nicotine for which women show higher rates of cocaine use, a younger age of onset, and maintain abstinence for a shorter time period than men (DeVito et al. 2014; McCance-Katz et al. 1999; Kosten et al. 1993 ; for review, see Fattore et al. 2008) . However, men take less time to feel the subjective effects of cocaine and report more euphoria than women (Quinones-Jenab and Jenab 2012) . Sex differences are seen in many stages of nicotine dependence as well. Women have lower success rates of smoking cessation and experience poorer treatment outcomes; whereas, men maintain higher rates of nicotine use, although this differs across ages and regions (Smith et al. 2015; Jarvis et al. 2013 ; for reviews, see Pogun and Yararbas 2009; Perkins 2001 Perkins , 2009 .
While sex differences have been reported in all phases of drug addiction, from initiation to relapse, sex differences during certain phases of drug abuse have been relatively understudied in humans (for reviews, see Anker and Carroll 2010; Hu 2008) . For example, research on initiation or acquisition of drug use is limited by self-report measures typically taken long after initiation of drug use has begun. This is likely due to difficulties in studying drug use in humans, and more specifically, during adolescence, when drug use is most likely to begin (Chambers et al. 2014) . The limited research with humans suggests that women take less time than men to become addicted to a variety of drugs including stimulants (see Fattore et al. 2008 , 2014 for reviews). As cocaine and nicotine are two of the most commonly abused illicit and licit stimulants, with relatively low cessation rates and high rates of relapse seen with both drugs, examining factors such as sex that influence the initiation of use are important in understanding how to prevent use before it begins.
Significant sex differences in the initiation and development of cocaine and nicotine dependence have been reported. For cocaine, women initiate cocaine use earlier in life (Sartor et al. 2014; DeVito et al. 2014; Lynch et al. 2002) and transition from cocaine use to abuse sooner than men (Lozano et al. 2008; Haas and Peters 2000) . Females also take less time to become dependent after initial use of tobacco (DiFranza et al. 2002; for review, see Perkins 2001) , while men are more likely to become regular smokers after experimenting with tobacco and have a greater sensitivity to nicotine than women (for review, see Perkins 2009; Waldron 1991) . Preclinical research on drug self-administration in rodents is invaluable for examining sex-specific effects of initiation and initial maintenance of stimulant use without the influence of sociocultural or experiential factors.
However, the preclinical literature has relatively few studies of sex differences in acquisition of drug-taking behaviors and even fewer following sex differences from acquisition through maintenance (for review, see Carroll and Anker 2010) . In studies on acquisition of cocaine and nicotine selfadministration, results have not been consistent between sexes. Regarding cocaine, females acquire selfadministration faster than males (Lynch 2008; Jackson et al. 2006; Hu et al. 2004; Lynch and Carroll 1999) , although some studies reported that males acquired self-administration faster than females (Caine et al. 2004 ; for review, see . Sex differences in self-administration during the subsequent maintenance phase show higher levels of infusions in females (Peterson et al. 2014; Cummings et al. 2011; Lynch 2008; Lynch and Carroll 1999; Morse et al. 1993 ), but others show no differences Kosten and Zhang 2008; Jackson et al. 2006; Cosgrove et al. 2002; Roberts et al. 1989 ). In the literature on sex differences in the acquisition of nicotine self-administration, females acquired nicotine self-administration faster than males (Lynch 2009 ), but one study indicated no sex differences (Feltenstein et al. 2012) . Post-acquisition, females maintained significantly higher levels of nicotine infusions than males during maintenance (Grebenstein et al. 2013; Rezvani et al. 2008; Chaudhri et al. 2005; Donny et al. 2000 ; but see Feltenstein et al. 2012) .
Perhaps one reason for the inconsistent findings is that researchers typically only report data from acquisition or maintenance, leaving the relationship between these phases to be inferred across different studies. Indeed, only a few previous studies (e.g., Feltenstein et al. 2012; Jackson et al. 2006; Lynch and Carroll 1999) reported on the relationship between the rate of acquisition and subsequent number of infusions during maintenance. Given that the transition of initiation of drug use to consistent drug-taking behaviors could inform prevention efforts for drug addiction (Carroll and Meisch 2011) , more research is needed on rates of acquisition and subsequent alteration of drug-taking behaviors.
The purpose of the present study was to examine sex differences in the acquisition and maintenance phases of selfadministration of two commonly abused substances, cocaine and nicotine, to determine whether sex differences in acquisition transferred to the ensuing maintenance phase. Rates of acquisition, length of time to acquire, and number of infusions during maintenance were compared between separate groups of male and female rats. We hypothesized that a greater percentage of females would acquire cocaine and nicotine selfadministration in a shorter period of time than males. Once acquired, it was predicted that females would self-administer greater amounts of both cocaine and nicotine than males.
Materials and methods

Animals
Male and female drug-naïve Wistar rats (weighing 250-274 and 200-224 g, respectively, on arrival) from Harlan SpragueDawley Inc. (Madison, WI, USA) were used throughout all phases of the experiment. Overall, 52 males and 54 females (cocaine) and 28 males and 83 females (nicotine) were used in the analysis of percent of group acquiring. A total of 39 males and 32 female rats (cocaine) and 22 males and 51 females (nicotine) acquired drug self-administration and were used to determine the number of days to acquire data. All rats that acquired cocaine self-administration completed the maintenance sessions but only 19 males and 42 females completed maintenance for nicotine and were used in the nicotine maintenance analysis. Ages ranged from 63 to 77 days upon arrival, and female and male rats were matched for age.
All rats were habituated to the facility for at least 3 days after arrival and allowed ad libitum access to water and food (Teklad 2018, Harlan Laboratories, Madison, WI, USA) until experiments began. Rats used in the nicotine selfadministration study were individually housed in hanging stainless steel cages, and in the cocaine study, rats were single-housed in operant conditioning chambers described in the BApparatus^section post-surgery. The difference in housing conditions was due to previous work in our laboratory showing that nicotine self-administration did not occur when rats were permanently housed in the octagonal operant conditioning chambers, suggesting that a change of stimuli between the home cages and chambers where drug selfadministration took place was an important factor for nicotine self-administration. Each rat was transferred to the same designated self-administration chamber daily. Upon start of the experiments, rats were restricted to 16 g (female) or 20 g (male) of food with free access to water, which has been found to maintain rats ∼85 % of their free-feeding weight. Rats used in the cocaine self-administration studies remained in the octagonal chambers throughout the experiments. All experiments were approved by the Institutional Animal Care and Use Committee (Protocol #1307-30762A), and the research was conducted in accordance with the Principles of Laboratory Animal Care (National Research National Research Council 2011).
Apparatus
Self-administration sessions took place in custom-built octagonal operant conditioning chambers as previously described by Anker et al. (2007) . Each chamber was housed inside a sound-attenuating wooden box with a fan to provide ventilation and masking noise. Two standard response levers were located on opposite sides of the chamber with stimulus lights of three colors (4.76 W) above each lever to act as an infusion cue. Infusions of nicotine and cocaine were delivered by an infusion pump (PHM-100, Med Associates. St. Albans, VT) connected to a swivel-tether system (375/22PS, Instech, Plymouth Meeting, PA, USA; C313CS-MN, Plastics One, Roanoke, VA, USA). Rats were then attached to the tether by a harness (CIH95AB, Instech).
Drugs
Cocaine HCl (National Institute of Drug Abuse, Research Triangle Institute, Research Triangle Park, NC) and (−) nicotine tartrate salt (Sigma, St. Louis, MO) were dissolved in sterile saline with additional heparin (5 USP/mL) added to prevent patency loss. Nicotine was adjusted to a pH of 7.0 ± 0.2 with a dilute NaOH solution. The initial concentration of cocaine was 1.6 mg cocaine HCl/1 ml saline that was diluted to 0.4 mg/ml, with each cocaine infusion at the standard 0.4-mg/kg dose used in previous studies. Nicotine was diluted in saline to 0.36 mg/ml, and the dose was 0.03 mg/kg. The infusion lengths of nicotine and cocaine were based on the weight of the rat (1 s/100 g for cocaine and 0.33 s/100 g for nicotine) with an infusion rate of 0.025 ml/s.
Surgical procedures
All rats were first anesthetized for surgery with ketamine (IP, 90 mg/kg for males; 60 mg/kg for females) and xylazine (10 mg/kg, IP) with additional atropine (0.15 ml, SC) to stabilize respiration. A chronic indwelling silastic singlebeaded catheter (15-cm long, Plastics One, Roanoke, VA) was implanted to lead from the right jugular vein to the right atrium. The distal end of the catheter was led subcutaneously to a medial incision attached to a harness. Post-surgery, rats were given buprenorphine (0.05 mg/ml; SC) twice daily for 3 days as an analgesic with additional ibuprofen (PO, 50 mg/kg) in the drinking water. During these recovery days, enrofloxacin (10 mg/kg) and heparinized sterile saline (10 IU/ kg) were flushed daily through the catheters, with heparin flushing continuing daily after recovery. Patency was checked weekly with ketamine (10 mg/kg) and midazolam (0.5 mg/kg) mixed in sterile saline (KMS), and patency was determined by the loss of a righting reflex within 10 s of the KMS infusion.
Behavioral procedures
Identical procedures were used on males and females in each study. After recovery from surgery, acquisition of selfadministration began. Rats were initially trained to lever press for either cocaine or nicotine in the operant conditioning chambers. Sessions were conducted daily and initially lasted 6 h for cocaine or 1 h for nicotine. Session length was based on previous data from our laboratory as well as others that showed sex differences during acquisition at these initial lengths (Lynch and Carroll 1999; Chaudhri et al. 2005) . For all rats, session onset activated illumination of the house light. Two levers were available on opposite sides of the chamber: one active and one inactive. A lever press on the active lever led to a drug infusion under a fixed-ratio (FR) 1 schedule, and illumination of the tri-colored stimulus lights above the lever for the length of the infusion. For the cocaine rats, a lever press on the inactive lever resulted in illumination of the stimulus lights above that lever but no infusion; whereas, in the nicotine rats, an inactive lever press produced no consequence similar to the methods used by Harris et al. (2008) . Inactive lever presses were used as a general measure of overall activity. Each active lever press and infusion was followed by a 20-s timeout for cocaine or a 15-s timeout for nicotine, during which responses were recorded but had no programmed consequences.
The acquisition training procedure for both cocaine and nicotine consisted of ground food placed on the active lever until the lever press response was developed and infusion criteria were met. For cocaine acquisition, three free infusions were given at the beginning of the session for rats. Once rats met criteria of the maximum of 40 self-administered cocaine infusions in a 6-h session over 2 days, the ground food and free infusions were stopped, session length for cocaine was shortened to 2 h, and the maximum number of infusions was increased to 500/session. Rats were considered to have acquired cocaine self-administration once they reached the criterion of 20+ infusions/session in the absence of food and drug primes. For nicotine acquisition, ground food was placed on the lever until rats self-administered eight infusions/h over 2 days. Rats were considered to have acquired nicotine selfadministration once they reached the criterion of 5+ infusions/ session in the absence of food and drug primes. If rats did not meet either cocaine or nicotine criteria within 30 days, they were designated as Bdid not acquire^and did not continue. The maintenance phase followed acquisition, using the same criteria (e.g., maintenance days consisted of 20 or more infusions for cocaine self-administration and five or more infusions for nicotine self-administration).
Statistical analysis
The dependent measures for acquisition were the percentage of rats that met acquisition requirements, and for the rats that acquired, the number of days to meet acquisition criteria. During the five maintenance days, the dependent measures were total infusions and activity (measured by inactive lever presses). The Breslow-Gehan-Wilcoxon survival analysis and rank statistics were used to analyze the rate of acquisition and the percentage of female and male rats acquiring nicotine or cocaine self-administration. A two-way repeated measure ANOVA with sex and days as the variables was conducted to examine differences in activity, drug lever-responding, and total number of infusions. A two-proportion z-test was used to compare percentages of rats acquiring. Rats that did not complete all five maintenance days were not included in the analysis of infusion numbers. A Pearson correlation between number of days to reach acquisition and average number of infusions during the first five maintenance sessions was run to analyze the relationship between acquisition and maintenance. All means are reported as ±standard error of the mean (SEM). An alpha value of p < 0.05 was used to indicate significance.
Results
Cocaine self-administration Sex differences were found on all measures for cocaine and are illustrated in Fig. 1 . Survival analyses indicated that males acquired cocaine self-administration faster than female rats; it took on average of 13 (±1.01) days for males to acquire and 17 (±1.26) days for females [χ 2 (1, 71) = 4.180, p < 0.05]. Additionally, more males (75.0 %) than females (59.3 %) acquired cocaine self-administration (z = 1.835, p < 0.05).
Sex differences in total number of infusions over the first 5 days of maintenance were observed and are illustrated in Fig. 2 . There was a main effect of sex [F(1,69) = 7.67, p < 0.01], and a main effect of time [F(4,276) = 3.25, p < 0.05] on the number of cocaine infusions, but there was no significant interaction. Post hoc analyses revealed that females self-administered more cocaine infusions than males (42.3 ± 0.7 and 35.9 ± 1.1, respectively). Number of infusions increased over days in both groups.
Nicotine self-administration
Survival analyses indicated differences between males and females on rates of acquisition and percentage of rats acquiring. Figure 3 shows that males acquired nicotine selfadministration faster than females and more males than females reached the acquisition criteria within the 30 days [χ 2 (1, 73) = 9.463, p < 0.01]. Fig. 1 Acquisition of cocaine self-administration in males and females. Data represent percent of rats acquiring self-administration on each day of the 30-day criterion period (starting at day 3, the first day acquisition was possible based on training). Males acquired cocaine self-administration in fewer days than females. Asterisk denotes a significant sex difference (p < 0.05) Fig. 2 Number of infusions for cocaine self-administration in males and females for the 2-h sessions. Data represent means ± SEM during the 5-day criterion period. Females self-administered more cocaine than males. Number sign denotes a significant effect of time, and asterisk denotes a significant sex difference (p < 0.05) Males acquired nicotine self-administration in a mean of seven (±0.86) days and females acquired in a mean of 11 (±0.91) days (t(71) = 2.647, p < 0.05), and more males (78.6 %) than females (60.5 %) acquired nicotine selfadministration (z = 1.90, p < 0.05). Figure 4 illustrates total number of infusions over the first 5 days of maintenance for nicotine self-administration. A two-way ANOVA revealed that there was no significant difference in total number of infusions during maintenance and no interaction (ps > 0.05).
There were no main effects of sex on activity, no differences over days, and no interactions for both nicotine and cocaine self-administration (ps > 0.05, data not shown). Overall, inactive lever presses were relatively low. This suggests that any significant differences in acquisition rate or number of infusions are unlikely to be explained by activity.
A Pearson correlation to analyze the relationship between acquisition and maintenance showed no significant correlation between the two phases for cocaine in either males or females (ps > 0.05; data not shown). There was no significant correlation between acquisition and maintenance for nicotine selfadministration in males (p > 0.05), but there was a significant negative relationship in females (r = −0.41, p = 0.007; data not shown), suggesting that the longer it took females to acquire nicotine self-administration, the less females administered.
Discussion
This study examined sex differences in acquisition and maintenance of self-administration of two commonly used stimulants, cocaine and nicotine. Significantly more males than females acquired both cocaine and nicotine self-administration according to our 30-day acquisition criteria. In addition, males took fewer days than females to reach criteria for acquisition of cocaine and nicotine. In contrast, once rats acquired cocaine self-administration, mean infusions over the first 5 days of maintenance were significantly higher in females than those in males. It is unlikely that the differences between males and females during cocaine maintenance can be explained by differences in general activity, as males and females did not differ on this measure. The only correlation between the number of days to acquire self-administration and total maintenance infusions was a negative association seen in females selfadministering nicotine, suggesting that there is no strong relationship between the time needed to acquire drug use and general drug-taking behaviors.
Acquisition of cocaine self-administration
Males reached the cocaine acquisition criteria faster, and a greater percentage of the males met criteria than that of the females. Previous studies generally show a faster rate of acquisition in female rats than that in males (Hu et al. 2004; Lynch and Carroll 1999 ; for review, see , but another study reported that male rats acquired cocaine self-administration more rapidly than females (Caine et al. 2004; Kosten et al. 2004 ). These differences may be based on dose or the stability criteria used (Kosten and Zhang 2008) . At higher doses, male rats acquired selfadministration faster and more reliably than females (Kosten et al. 2004 ). Other variables, such as differences in the number of infusions to reach criteria, could explain variability in sex differences across studies. While the dose used in the present study (0.4 mg/kg cocaine) was higher than that used in the closest corresponding study (0.2 mg/kg; Lynch and Carroll 1999) , it is not known whether dose explains the contrary finding of faster female acquisition in Lynch and Carroll (1999) versus faster acquisition in the males in the present Fig. 3 Acquisition of nicotine self-administration in males and females. Data represent percent of rats acquiring self-administration on each day of the 30-day criterion period (starting at day 3, the first day acquisition was possible based on training). Males acquired nicotine self-administration in fewer days than females. Asterisk denotes a significant sex difference (p < 0.01) Fig. 4 Number of infusions for nicotine self-administration in males and females for the 2-h sessions. Data represent means ± SEM during the 5-day criterion period. There were no significant differences between males and females study. Dose-dependent findings have been self-reported for measures of euphoria; whereby, a complex interaction occurred between dose and menstrual cycle phase in women (Evans et al. 2002) . Given that dose seems to influence responses to cocaine in both rodents and humans, further work on sex differences in the initiation and maintenance of drugtaking is warranted.
Maintenance of cocaine self-administration
During the maintenance phase, the finding that females had more cocaine infusions than males is consistent with rodent studies indicating that females have higher drug selfadministration levels than males with a variety of drug classes, such as stimulants (Lynch 2008; Roth and Carroll 2004; Donny et al. 2000; Heppner et al. 1986 ), opioids (Cicero et al. 2003; Klein et al. 1997; Alexander et al. 1978; Hadaway et al. 1979) , cannabinoids (Fattore et al. 2007 (Fattore et al. , 2009 , and sedatives (Lancaster and Spiegel 1992) . Results are mixed, however, for cocaine maintenance, with a few studies showing no sex-specific effects Kosten and Zhang 2008; Jackson et al. 2006; Cosgrove et al. 2002; Roberts et al. 1989) . Furthermore, the studies that report sex differences show more infusions earned in females than males Cummings et al. 2011; Lynch and Carroll 1999; Morse et al. 1993 ). The present finding in rats is also consistent with reports that women are more likely to experience higher rates of cocaine use (see Fattore et al. 2007) .
While the majority of the work on sex differences has been done in extended access 6-h sessions Campbell et al. 2002; Lynch et al. 2000; Lynch and Carroll 1999; Roberts et al. 1989 ), the present study showed that shorter access (e.g., 2 h sessions) also resulted in sex differences, with females self-administering more cocaine than males. However, in previous studies, no sex differences were found under short access conditions (Fuchs et al. 2005; Roth and Carroll 2004; Caine et al. 2004; Roberts et al. 1989) . A higher dose as well as a larger sample size in the present study might have contributed to the effect seen here with 2-h sessions.
Acquisition of nicotine self-administration
Males acquired nicotine self-administration quicker and with a greater percentage of rats per group than female rats. These results are identical to those found with cocaine, but they are contrary to a few previous studies indicating sex differences in nicotine acquisition (Lynch 2009; Rezvani et al. 2008; Chaudhri et al. 2005; Donny et al. 2000) . When the percentage of rats acquiring was examined, no difference were found between males and females at relatively higher doses. However, in a separate study, at a lower dose, a significantly higher percentage of females acquired (Lynch 2009; Donny et al. 2000) . In the Lynch (2009) study, males and females took a similar amount of time to acquire nicotine selfadministration at a lower dose (5 μg/kg), but no differences were found at a higher infusion dose (10 μg/kg). Significant differences were seen at the lowest dose used in Donny et al. (2000) as well.
Unlike the previously discussed studies, the present study did not employ food training prior to nicotine self-administration, and that factor may underlie the differences in acquisition seen in the present study compared to previous work. The effects of prior food training on acquisition may be reflected in the number of days to reach acquisition. For example, with prior food training, Lynch (2009) found that rats acquired nicotine self-administration in 2-4 days, while, according to our protocol, rats were only able to reach acquisition on day 3. On average, the rats in the present work took 7-11 days to reach acquisition. Clemens et al. (2010) found that prior food training significantly accelerated acquisition of nicotine selfadministration but had a relatively weak effect on nicotinereinforced responding following the acquisition period. A possible explanation is that food training prior to acquisition may differentially potentiate acquisition in males versus females while not altering total amount of drug administered. This could explain the faster acquisition rate that was observed in males in the present study, which is contrary to the previous acquisition work (Lynch 2009; Rezvani et al. 2008; Chaudhri et al. 2005; Donny et al. 2000) , with the higher infusion rates in females during maintenance. While food training may lead to faster acquisition of self-administration in rodents, this prior training may attenuate the face validity of this model. The present findings indicate that food training may accelerate sex differences in the acquisition of nicotine and cocaine with potentially differential effects in males and females, and these results suggest future research examining the impact of food training on the acquisition of drug self-administration.
One additional aspect contributing to sex differences in acquisition and maintenance of self-administration is the visual stimuli that were coupled with the infusion. In the present research on nicotine self-administration, an active lever press produced both an infusion and an associated cue while an inactive lever-press had no consequence. This is contrary to the cocaine self-administration procedure in which both levers produced a cue. Cues play a significant role in developing and maintaining nicotine self-administration, and females are more sensitive to the nicotine-related stimuli or cues than males (Donny et al. 2003; Chaudhri et al. 2005) . If the presence of cues on the active lever or absence of cues on the inactive lever were to be a significant contributor to differences between this research and others, it would be expected that females would acquire self-administration faster and would self-administer more nicotine overall. As this is contrary to the present findings, it is relatively unlikely that nonpharmacological stimuli contributed to these results.
Several investigators have identified a number of behavioral and neurobiological factors that contribute to sex differences in acquisition. Behavioral factors such as dose of drug, length of access, and even pair-housing or prior access to sweets (Cason and Grigson 2013) may be integral to the development of sex differences in cocaine acquisition. A biological basis for cocaine acquisition has been suggested by Hu et al. (2004) . Neurobiological mechanisms may also be implicated in the development of drug-taking behavior, such as gonadal hormones Lynch 2008 Lynch , 2009 Hu et al. 2004) , and stressors such as neonatal isolation (Kosten et al. 2004 ). However, factors involved in sex differences in the acquisition of nicotine selfadministration have been far less studied. The present results suggest that factors such as dose and prior food training could differentially affect acquisition of nicotine self-administration in males and females.
Maintenance of nicotine self-administration
In comparison to acquisition, total nicotine infusions did not significantly differ between males and females. Previous studies showed that females self-administered significantly more nicotine and had significantly higher breakpoints on a progressive-ratio schedule than males, suggesting that females are more sensitive to the reinforcing effects of nicotine than males (Rezvani et al. 2008; Chaudhri et al. 2005; Donny et al. 2000 ; but see Lynch 2009 ). However, sex differences in these studies were highly dose-dependent. One study showed significant differences only at the lowest dose of 0.02 mg/kg (Donny et al. 2000) , and another showed that females selfadministered more nicotine than males at higher doses (0.06 and 0.15 mg/kg; Chaudhri et al. 2005) . At the dose used in the present work (0.03 mg/kg), our findings are consistent with nicotine self-administration seen by Donny and colleagues (Donny et al. 2000; Chaudhri et al. 2005) .
Conclusion
This study showed sex differences in acquisition and maintenance of self-administration of two commonly used stimulants, nicotine and cocaine. Males acquired selfadministration of both drugs faster than females, and a higher percentage of males acquired self-administration of both drugs, suggesting that sex-specific prevention efforts relative to both cocaine and nicotine addiction may be useful. Once acquired, female rats self-administered more cocaine than males during maintenance. However, with nicotine, males and females had similar levels of drug use during the maintenance phase. These results suggest that differences between sexes and types of drugs were important factors during transition phases of addiction for both drugs, such as acquisition and early maintenance. However, sex differences in acquisition did not transfer to similar sex differences in the maintenance phase, as sex-specific effects in cocaine use were contrary dependent on the phase and sex differences seen in acquisition of nicotine use were eliminated during maintenance. The finding that females exceeded males in the early maintenance phase of cocaine use is consistent with other phases of addiction (e.g., escalation and relapse; for review, see Carroll and Anker 2010) . Taken together, these findings suggest a sex-specific vulnerability to different phases of addiction that may vary with the drug self-administered.
